A dog was referred to Alta Vista Animal Hospital with a porcupine quill penetrating the right ventricle. The presenting complaint was tachypnea and dyspnea secondary to bilateral pneumothorax. Computed tomography revealed bilateral pneumothorax without evidence of quills. A median sternotomy was performed and the quill was removed. The dog recovered uneventfully. Quill injuries are common in dogs; however, intracardiac quill migration is rare. Dogs without evidence of severe cardiac injury secondary to intracardiac foreign bodies may have a good prognosis.
Introduction
Intracardiac foreign bodies are not commonly reported in veterinary medicine. To date, only a handful of reports exist describing their diagnosis and management. These have included gastrointestinal migration of ingested sewing needles and barbeque skewers, Kirschner wire migration from previous fracture fixations, metallic projectile foreign bodies, and intravascular migration of catheter fragments. [1] [2] [3] [4] [5] [6] [7] [8] Despite the propensity for porcupine quills to migrate, intracardiac quill foreign bodies are exceedingly rare in veterinary medicine.
Quilling injuries from encounters with porcupines are a relatively common phenomenon in North America. 9, 10 In a study conducted by the Western College of Veterinary Medicine, quilling injuries represented 2.1% of total new hospital admissions between 1998-2002. 9 Animals that sustain quill injuries often have numerous quills embedded in their skin that frequently breakoff at the surface. 9 Due to the barbed tips on the quill, they have a tendency to migrate into deeper tissue, posing a significant risk to vital organs. For this reason, the veterinary community has observed a wide variety of quill-related injuries. Examples of quilling injuries have included reports of quill migration to the eyes, necessitating enucleations; to the lungs, causing pneumothorax and pleural effusion; to the joints, leading to septic arthritis and secondary endocarditis; to the vertebrae and spinal canal, causing progressive neck pain; and to the brain, causing severe, uncontrollable encephalitis and, eventually, death. [9] [10] [11] [12] [13] [14] Although quilling injuries are common in North America, migration of a porcupine quill into the heart has only been reported once previously. 8 The purpose of this case report is to describe the diagnosis, management, and prognosis associated with an intracardiac quill foreign body in a dog. Hematology and serum biochemistry were performed and there were no significant abnormalities.
Case Report
A computed tomography (CT) scan with 5 mm thick axial images of the thorax was obtained without contrast administration.
Results of the CT revealed mild subcutaneous emphysema along the right lateral thoracic body wall from previous thoracocentesis.
Severe bilateral pneumothorax resulting in atelectasis of the lung lobes was also noted. No porcupine quills were observed.
Exploratory thoracotomy was recommended in an attempt to locate the suspected migrating quill and manage the pneumothorax. A ventral midline sternotomy was performed. Bruising was noted adjacent to the thoracic inlet and right cranial lung lobe. The thoracic cavity was filled with saline to check for leakage from the lung lobes; however, no leakage was detected. A quill was identified penetrating in the right ventricle of the heart in close proximity to the right vagus nerve ( Figures 1A, B) . The pericardium was incised to provide better exposure to the quill. A 3-0 polydiaxonone pursestring suture was placed in the myocardium around the quill. The 
Discussion
Quilling injuries most commonly involve the head and neck of the dog, followed by the limbs and the trunk. 9 When a dog is attacked by a porcupine, they are often affected in multiple locations with up to hundreds of quills penetrating their skin, as was seen in the present case. 9 As quills often breakoff at the level of the skin, their retrieval can be quite difficult, often leading to quills being left behind. 9 Due to the barbs on each quill, they have a tendency to migrate deeper into tissue rather than backing out. 9 Quills have been previously described in the orbit, globe, brain, digital flexor sheaths, spinal canal, vertebrae, joints, lungs, heart, and pericardium. [8] [9] [10] [11] [12] 14 Complications associated with quilling injuries are most commonly limited to cutaneous abscesses, which can be easily managed on an outpatient basis; however, reports of catastrophic ocular damage, septic arthritis, endocarditis, seizures, pneumothorax, and death have been associated with their migration. [10] [11] [12] 14 Various imaging modalities have been used to identify quill foreign bodies in veterinary literature. Ultrasound has been reported to be a useful imaging modality to identify quills in previous studies within the orbit, globe, and joints. 11, 12 However, ultrasound is not the best imaging modality to evaluate changes in lung parenchyma and, hence, it was not considered in the present case. In hindsight, knowing now that the quill was penetrating the pericardium and myocardium, it may have been possible to have visualized the foreign body through an echocardiogram. MRI has been reported in the diagnosis of a quill foreign body in one dog; however, the quill was only noted retrospectively following an exploratory dorsal laminectomy. 14 Furthermore, MRI of the thoracic cavity is usually not recommended without the appropriate software because of motion artifacts caused by respiratory movements. 15 CT scans have been used for the detection of porcupine quill foreign bodies within the brain; however, a quill was not identified on thoracic CT in the present case. 10 There are a number of possible explanations for not visualizing the quill foreign body in the case described herein, including the location of the foreign body, the width of the axial sections (2 mm sections were used in the previous case compared to 5 mm sections in the present case), the lack of contrast administration, and the experience of the radiologist. Regardless, as evidenced by this case, the absence of identification of a quill on a CT scan does not rule out its presence.
Conclusion
Cardiac foreign bodies are a rarely reported occurrence in veterinary literature. Migration of sewing needles and wooden skewers from the gastrointestinal tract, intravascular migration of catheter fragments, metallic projectiles, and a single previous case of a quill migration have previously been described. 1, [3] [4] [5] [6] 8, 16 Surgical intervention has been debated for small metallic projectile foreign bodies in both human and veterinary literature; however, early surgical intervention is recommended in people with acute injuries because complications, such as endocarditis, restrictive pericarditis, sepsis, and death, are reported at a rate of up to 71%. 4 In this case, the presenting complaint of bilateral pneumothorax was secondary to a migrating quill foreign body, which ultimately ended up penetrating into the right ventricular wall of the heart.
The quill may have resulted in life threatening complications if it had not been surgically removed.
Several methods have been successfully used to retrieve cardiac foreign bodies in dogs, including endovascular retrieval, thoracoscopic retrieval, removal via thoracotomy, and cardiopulmonary bypass with open heart surgery. 1, [3] [4] [5] 8, 16 In the present case, the CT exam did not reveal an intracardiac foreign body and, hence, more specific cardiac retrieval procedures were not considered. A median sternotomy is considered the gold standard for exploring the thoracic cavity in cases of spontaneous pneumothorax because of the ability to explore the left and right lung lobes. 13, 17 Thoracoscopic exploration has also been described, but was not used in the present case because of surgeon preference for an open procedure. 8 Interestingly, despite the fact that the quill presumably migrated through the lung fields to cause a pneumothorax, no air leakage was identified from any of the lung lobes during surgery suggesting that the affected lung lobe(s) had sealed the perforation once the quill had migrated through the lobe(s).
Postoperatively, the patient in this case did excellently with no observed complications. In veterinary literature, postoperative complications following removal of intracardiac foreign bodies are rare. 1, [3] [4] [5] The reported complications are often a result of the initial injury and disease caused by the foreign body rather than the development of disease secondary to the surgery or residual effects of the foreign body itself. 4, 16 Although the concern for the development of postoperative endocarditis or pericarditis has been expressed, it has not been reported to date in veterinary literature. 16 Conversely, patients who present with endocarditis, pericarditis, septicemia, or disseminated intravascular coagulation appear to have resolution of their clinical signs following removal of the foreign body. 4, 16 This finding is consistent with human literature where patients who survive removal of a foreign body have a good prognosis if there is not extensive trauma to the heart. [18] [19] [20] [21] [22] 
